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Description 

TECHNICAL  FIELD 

This  invention  relates  to  a  device  for  delivering 
an  agent  transdermal^  or  transmucosally  by  ion- 
tophoresis.  More  particularly,  this  invention  relates 
to  an  electrically  powered  iontophoretic  delivery 
device  having  a  polymer-based  electrode  assembly 
and  a  method  of  making  same. 

BACKGROUND  ART 

Iontophoresis,  according  to  Dorland's  Illustrated 
Medical  Dictionary,  is  defined  to  be  "the  introduc- 
tion,  by  means  of  electric  current,  of  ions  of  soluble 
salts  into  the  tissues  of  the  body  for  therapeutic 
purposes."  Iontophoretic  devices  have  been  known 
since  the  early  1900's.  British  patent  specification 
No.  410,009  (1934)  describes  an  iontophoretic  de- 
vice  which  overcame  one  of  the  disadvantages  of 
such  early  devices  known  to  the  art  at  that  time, 
namely  the  requirement  of  a  special  low  tension 
(low  voltage)  source  of  current  which  meant  that 
the  patient  needed  to  be  immobilized  near  such 
source.  The  device  of  that  British  specification  was 
made  by  forming  a  galvanic  cell  from  the  elec- 
trodes  and  the  material  containing  the  medicament 
or  drug  to  be  delivered  transdermally.  The  galvanic 
cell  produced  the  current  necessary  for  ion- 
tophoretically  delivering  the  medicament.  This  am- 
bulatory  device  thus  permitted  iontophoretic  drug 
delivery  with  substantially  less  interference  with  the 
patient's  daily  activities. 

More  recently,  a  number  of  United  States  pat- 
ents  have  issued  in  the  iontophoresis  field,  indicat- 
ing  a  renewed  interest  in  this  mode  of  drug  deliv- 
ery.  For  example,  U.S.  Patent  No.  3,991,755  issued 
to  Vernon  et  al;  U.S.  Patent  No.  4,141,359  issued 
to  Jacobsen  et  al;  U.S.  Patent  No.  4,398,545  issued 
to  Wilson;  and  U.S.  Patent  No.  4,250,878  issued  to 
Jacobsen  disclose  examples  of  iontophoretic  de- 
vices  and  some  applications  thereof.  The  ion- 
tophoresis  process  has  been  found  to  be  useful  in 
the  transdermal  administration  of  medicaments  or 
drugs  including  lidocaine  hydrochloride,  hydrocor- 
tisone,  fluoride,  penicillin,  dexamethasone  sodium 
phosphate,  insulin  and  many  other  drugs.  Perhaps 
the  most  common  use  of  iontophoresis  is  in  di- 
agnosing  cystic  fibrosis  by  delivering  pilocarpine 
salts  iontophoretically.  The  pilocarpine  stimulates 
sweat  production;  the  sweat  is  collected  and  ana- 
lyzed  for  its  chloride  content  to  detect  the  presence 
of  the  disease. 

In  presently  known  iontophoretic  devices,  at 
least  two  electrodes  are  used.  Both  of  these  elec- 
trodes  are  disposed  so  as  to  be  in  intimate  elec- 
trical  contact  with  some  portion  of  the  skin  of  the 

body.  One  electrode,  called  the  active  or  donor 
electrode,  is  the  electrode  from  which  the  ionic 
substance,  medicament,  drug  precursor  or  drug  is 
delivered  into  the  body  by  iontophoresis.  The  other 

5  electrode,  called  the  counter  indifferent,  inactive  or 
return  electrode,  serves  to  close  the  electrical  cir- 
cuit  through  the  body.  In  conjunction  with  the  pa- 
tient's  skin  contacted  by  the  electrodes,  the  circuit 
is  completed  by  connection  of  the  electrodes  to  a 

io  source  of  electrical  energy,  e.g.,  a  battery.  For 
example,  if  the  ionic  substance  to  be  delivered  into 
the  body  is  positively  charged  (i.e.,  a  cation),  then 
the  anode  will  be  the  active  electrode  and  the 
cathode  will  serve  to  complete  the  circuit.  If  the 

75  ionic  substance  to  be  delivered  is  negatively 
charged  (i.e.,  an  anion),  then  the  cathode  will  be 
the  active  electrode  and  the  anode  will  be  the 
counter  electrode. 

Alternatively,  both  the  anode  and  cathode  may 
20  be  used  to  deliver  drugs  of  opposite  charge  into 

the  body.  In  such  a  case,  both  electrodes  are 
considered  to  be  active  or  donor  electrodes.  For 
example,  the  anode  can  deliver  a  positively 
charged  ionic  substance  into  the  body  while  the 

25  cathode  can  deliver  a  negatively  charged  ionic 
substance  into  the  body. 

It  is  also  known  that  iontophoretic  delivery  de- 
vices  can  be  used  to  deliver  an  uncharged  drug  or 
agent  into  the  body.  This  is  accomplished  by  a 

30  process  called  electroosmosis.  Electroosmosis  is 
the  transdermal  flux  of  a  liquid  solvent  (e.g.,  the 
liquid  solvent  containing  the  uncharged  drug  or 
agent)  which  is  induced  by  the  presence  of  an 
electric  field  imposed  across  the  skin  by  the  donor 

35  electrode.  As  used  herein,  the  terms  "ion- 
tophoresis"  and  "iontophoretic"  refer  to  (1)  the 
delivery  of  charged  drugs  or  agents  by  electromig- 
ration,  (2)  the  delivery  of  uncharged  drugs  or 
agents  by  the  process  of  electroosmosis,  (3)  the 

40  delivery  of  charged  drugs  or  agents  by  the  com- 
bined  processes  or  electromigration  and  electroos- 
mosis,  and/or  (4)  the  delivery  of  a  mixture  of 
charged  and  uncharged  drugs  or  agents  by  the 
combined  processes  of  electromigration  and  elec- 

45  troosmosis. 
Furthermore,  existing  iontophoresis  devices 

generally  require  a  reservoir  or  source  of  the  bene- 
ficial  agent  (which  is  preferably  an  ionized  or 
ionizable  agent  or  a  precursor  of  such  agent)  to  be 

50  iontophoretically  delivered  into  the  body.  Examples 
of  such  reservoirs  or  sources  of  ionized  or  ioniza- 
ble  agents  include  a  pouch  as  described  in  the 
previously  mentioned  Jacobsen  U.S.  Patent  No. 
4,250,878,  or  a  pre-formed  gel  body  as  described 

55  in  Webster  U.S.  Patent  No.  4,383,529;  Powers  et  al 
U.S.  Patent  No.  4,702,732;  and  Ariura  et  al  U.S. 
Patent  No.  4,474,570.  Such  drug  reservoirs  are 
electrically  connected  to  the  anode  or  the  cathode 
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of  an  iontophoresis  device  to  provide  a  fixed  or 
renewable  source  of  one  or  more  desired  agents. 

More  recently,  iontophoretic  delivery  devices 
have  been  developed  in  which  the  donor  and  coun- 
ter  electrode  assemblies  have  a  "multi-laminate" 
construction.  In  these  devices,  the  donor  and  coun- 
ter  electrode  assemblies  are  formed  of  multiple 
layers  of  (usually)  polymeric  matrices.  For  exam- 
ple,  Parsi  U.S.  Patent  4,731,049  discloses  a  donor 
electrode  assembly  having  hydrophilic  polymer 
based  electrolyte  reservoir  and  drug  reservoir  lay- 
ers,  a  skin-contacting  hydrogel  layer,  and  optionally 
one  or  more  semipermeable  membrane  layers. 
Sibalis  U.S.  Patent  No.  4,640,689  discloses  in  Fig- 
ure  6  an  iontophoretic  delivery  device  having  a 
donor  electrode  assembly  comprised  of  a  donor 
electrode  (204),  a  first  drug  reservoir  (202),  a  semi- 
permeable  membrane  layer  (200),  a  second  drug 
reservoir  (206),  and  a  microporous  skin-contacting 
membrane  (22').  The  electrode  layer  can  be 
formed  of  a  carbonized  plastic,  metal  foil  or  other 
conductive  films  such  as  a  metallized  mylar  film.  In 
addition,  Ariura  et  al,  U.S.  Patent  4,474,570  dis- 
closes  a  device  wherein  the  electrode  assemblies 
include  a  conductive  resin  film  electrode  layer,  a 
hydrophilic  gel  reservoir  layer,  a  current  distribution 
and  conducting  layer  and  an  insulating  backing 
layer.  Ariura  et  al  disclose  several  different  types  of 
electrode  layers  including  an  aluminum  foil  elec- 
trode,  a  carbon  fiber  non-woven  fabric  electrode 
and  a  carbon-containing  rubber  film  electrode. 

In  addition  to  electrodes  which  are  used  in 
iontophoretic  drug  delivery  devices,  polymer-based 
electrodes  containing  electrically  conductive  fillers 
are  well  known.  For  example,  Shaw  et  al  U.S. 
Patent  4,957,593  discloses  electrodes  formed  of  a 
polymer  binder  or  matrix  (eg,  sty- 
rene/divinylbenzene),  and  electrically  conductive  fil- 
lers  such  as  carbon  particles  and  metal  particles. 
The  Shaw  electrodes  also  include  a  modifier  se- 
lected  from  Zeolites,  clays,  high  surface  area  alu- 
minas,  or  layered  double  hydroxides.  These  modifi- 
ers  are  used  as  electrocatalysts,  as  mediators  and 
as  sources  of  reference  potentials,  and  as  sources 
of  the  redox  potential  of  the  surrounding  solution. 

Transdermal  iontophoretic  delivery  devices 
having  electrodes  composed  of  electrochemically 
inert  materials,  as  well  as  devices  having  elec- 
trodes  composed  of  electrochemically  reactive  ma- 
terials  are  known.  Examples  of  electrochemically 
inert  electrode  materials  include  platinum,  carbon, 
gold  and  stainless  steel.  The  prior  art  has  also 
recognized  that  the  electrochemically  reactive  elec- 
trode  materials  are  in  many  cases  preferred  from 
the  standpoint  of  drug  delivery  efficiency  and  pH 
stability.  For  example,  U.S.  Patent  Nos.  4,744,787; 
4,747,819  and  4,752,285  all  disclose  iontophoretic 
electrodes  composed  of  materials  which  are  either 

oxidized  or  reduced  during  operation  of  the  device. 
Particularly  preferred  electrode  materials  include 
silver  as  the  anodic  electrode,  and  silver  chloride 
as  the  cathodic  electrode. 

5  Others  have  suggested  using  biomedical  elec- 
trodes  having  current  distribution  members  com- 
posed  of  a  rubber  or  other  polymer  matrix  loaded 
with  a  conductive  filler  such  as  powdered  metal. 
See  for  example,  U.S.  Patent  No.  4,367,745.  Such 

io  films  however,  have  several  disadvantages.  First, 
as  the  metal  particle  loading  in  a  polymer  matrix 
approaches  about  65  vol%,  the  matrix  begins  to 
break  down  and  becomes  too  brittle  to  be  handled. 
Even  at  metal  particle  loadings  only  about  50  to  60 

is  vol%,  the  films  produced  are  extremely  rigid  and 
do  not  conform  well  to  non-planar  surfaces.  This  is 
a  particular  disadvantage  when  designing  an  elec- 
trode  adapted  to  be  worn  on  the  skin  or  a  mucosal 
membrane.  An  iontophoretic  electrode  adapted  to 

20  be  worn  on  a  body  surface  must  have  sufficient 
flexibility  to  contour  itself  to  the  natural  shape  of 
the  body  surface  to  which  it  is  applied. 

The  drug  and  electrolyte  reservoir  layers  of 
iontophoretic  delivery  devices  have  been  formed  of 

25  hydrophilic  polymers.  See  for  example,  Ariura  et  al, 
U.S.  Patent  4,474,570;  Webster  U.S.  Patent 
4,383,529;  Powers  et  al  U.S.  Patent  4,702,732;  and 
Sasaki  U.S.  Patent  4,764,164.  There  are  several 
reasons  for  using  hydrophilic  polymers.  First,  water 

30  is  the  preferred  solvent  for  ionizing  many  drug 
salts.  Secondly,  hydrophilic  polymer  components 
(i.e.,  the  drug  reservoir  in  the  donor  electrode  and 
the  electrolyte  reservoir  in  the  counter  electrode) 
can  be  hydrated  while  attached  to  the  body  by 

35  absorbing  water  from  the  skin  (i.e.,  through  tran- 
sepidermal  water  loss  or  sweat)  or  from  a  mucosal 
membrane  (e.g.,  by  absorbing  saliva  in  the  case  of 
oral  mucosal  membranes).  Once  hydrated,  the  de- 
vice  begins  to  deliver  ionized  agent  to  the  body. 

40  This  enables  the  drug  reservoir  to  be  manufactured 
in  a  dry  state,  giving  the  device  a  longer  shelf  life. 

Hydrogels  have  been  particularly  favored  for 
use  as  the  drug  reservoir  matrix  and  electrolyte 
reservoir  matrix  in  iontophoretic  delivery  devices,  in 

45  part  due  to  their  high  equilibrium  water  content  and 
their  ability  to  quickly  absorb  water.  In  addition, 
hydrogels  tend  to  have  good  biocompatibility  with 
the  skin  and  with  mucosal  membranes.  In  spite  of 
these  advantages  however,  hydrogels  and  other 

50  hydrophilic  polymer  components  are  difficult  to 
laminate  to  other  components  of  the  delivery  sys- 
tem.  For  example,  when  utilizing  a  drug  reservoir 
matrix  or  an  electrolyte  reservoir  matrix  composed 
of  a  hydrophilic  polymer,  the  matrix  begins  to  swell 

55  as  it  absorbs  water  from  the  skin.  In  the  case  of 
hydrogels,  the  swelling  is  quite  pronounced.  Typi- 
cally,  the  drug  or  electrolyte  reservoir  is  in  either 
direct  contact,  or  contact  through  a  thin  layer  of  an 
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electrically  conductive  adhesive,  with  an  electrode. 
Typically,  the  electrode  is  composed  of  metal  (e.g., 
a  metal  foil  or  a  thin  layer  of  metal  deposited  on  a 
backing  layer)  or  a  hydrophobic  polymer  containing 
a  conductive  filler  (e.g.,  a  hydrophobic  polymer 
loaded  with  carbon  fibers  and/or  metal  particles). 
The  electrodes  (i.e.,  either  metal  electrodes  or  hy- 
drophobic  polymers  containing  a  conductive  filler), 
on  the  other  hand,  do  not  absorb  water  and  tend 
not  to  swell.  The  different  swelling  properties  of  the 
hydrophilic  reservoirs  and  the  electrodes  result  in 
separation  along  their  contact  surfaces.  In  severe 
cases,  this  separation  can  result  in  the  complete 
loss  of  electrical  contact  between  the  electrode 
layer  and  the  reservoir  layer  resulting  in  an  in- 
operable  device. 

In  general,  the  greater  the  number  of  layers  in 
a  multi-laminate  type  electrode  assembly,  the 
greater  is  the  likelihood  of  a  system  failure  due  to 
loss  of  electrical  contact  between  adjacent  elec- 
trode  assembly  layers.  Furthermore,  the  greater  the 
number  of  electrode  assembly  layers,  the  more 
complicated  the  assembling/manufacturing  process 
wherein  each  of  the  individual  layers  must  be  con- 
secutively  laminated,  one  onto  the  next. 

DISCLOSURE  OF  THE  INVENTION 

It  is  an  object  of  this  invention  to  provide  an 
improved  electrode  assembly  for  an  iontophoretic 
delivery  device. 

It  is  another  object  of  this  invention  to  provide 
an  electrode  assembly  having  fewer  individual  lay- 
ers  or  laminae,  and  therefore  having  a  reduced 
likelihood  of  electrical  failure  between  adjacent  lay- 
ers. 

It  is  a  further  object  of  this  invention  to  provide 
a  method  of  making  an  improved  electrode  assem- 
bly  for  an  iontophoretic  delivery  device. 

These  and  other  objects  are  met  by  an  elec- 
trically  powered  iontophoretic  delivery  device  in- 
cluding  a  donor  electrode  assembly,  a  counter 
electrode  assembly  and  a  source  of  electrical  pow- 
er  adapted  to  be  electrically  connected  to  the  do- 
nor  and  counter  electrode  assemblies.  The  donor 
and  counter  electrode  assemblies  are  adapted  to 
be  placed  in  agent  transmitting  relation  with  a  body 
surface.  At  least  one  of  the  donor  and  counter 
electrode  assemblies  comprises  a  substantially 
homogenous  blend  of  a  polymeric  matrix  contain- 
ing  about  5  to  50  vol%  of  a  conductive  filler  which 
forms  a  conductive  network  through  the  matrix,  and 
from  about  1  to  50  vol%  of  an  agent  to  be  ion- 
tophoretically  delivered  through  the  body  surface. 

Preferably,  the  polymeric  matrix  contains  about 
15  to  30  vol%  conductive  filler  and  about  10  to  50 
vol%  of  the  agent.  Most  preferably,  the  polymeric 
matrix  contains  about  20  to  25  vol%  of  the  conduc- 

tive  filler  and  about  20  to  35  vol%  of  the  agent.  In 
the  case  of  the  donor  electrode  assembly,  the 
agent  is  most  preferably  a  drug  or  other  therapeu- 
tic  agent.  In  the  case  of  the  counter  electrode 

5  assembly,  the  agent  is  most  preferably  an  elec- 
trolyte  salt. 

Also  provided  is  a  method  of  making  an  elec- 
trode  assembly  for  an  electrically  powered  ion- 
tophoretic  delivery  device.  The  method  comprises 

io  the  steps  of  homogenously  blending  about  5  to  50 
vol%  of  a  conductive  filler,  and  from  about  1  to 
about  50  vol%  of  an  agent  to  be  iontophoretically 
delivered,  into  a  polymeric  matrix  until  the  filler 
forms  an  electrically  conductive  network  through 

is  the  polymer  matrix.  The  method  further  includes 
the  step  of  forming  the  agent-containing  blended 
mixture  into  a  sheet.  Preferably,  the  blending  and 
sheet  forming  steps  are  performed  in  a  rubber  mill. 
Optionally,  the  sheet  so  obtained  is  calendered  to  a 

20  uniform  desired  final  thickness. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Figure  1  is  a  schematic  view  of  an  iontophoretic 
25  drug  delivery  device  according  to  the  present 

invention; 
Figure  2  is  a  schematic  view  of  another  embodi- 
ment  of  an  iontophoretic  delivery  device  accord- 
ing  to  the  present  invention; 

30  Figure  3  is  a  side  sectional  view  of  another 
embodiment  of  an  iontophoretic  electrode  as- 
sembly; 
Figure  4  is  a  schematic  view  of  an  apparatus 
used  to  make  an  electrode  assembly  according 

35  to  the  present  invention;  and 
Figure  5  is  a  graph  of  in  vitro  transdermal  drug 
flux  from  an  electrode  assembly  over  time. 

MODES  FOR  CARRYING  OUT  THE  INVENTION 
40 

Figure  1  is  a  schematic  view  of  an  ion- 
tophoretic  delivery  device  10  for  delivering  a  bene- 
ficial  agent  through  a  body  surface  22.  Body  sur- 
face  22  is  typically  intact  skin  or  a  mucosal  mem- 

45  brane.  Iontophoretic  delivery  device  10  includes  a 
donor  electrode  assembly  8,  a  counter  electrode 
assembly  9,  an  electrical  power  source  27  (e.g.,  a 
battery)  and  an  optional  control  circuit  29. 

The  donor  electrode  assembly  8  contains  the 
50  beneficial  agent  (e.g.,  a  drug)  to  be  iontophoretical- 

ly  delivered  by  device  10.  The  donor  electrode 
assembly  8  is  shown  adhered  to  the  body  surface 
22  by  means  of  an  ion-conducting  adhesive  layer 
17. 

55  Iontophoretic  delivery  device  10  includes  a 
counter  electrode  assembly  9  which  is  placed  on 
the  body  surface  22  at  a  location  spaced  apart 
from  electrode  assembly  8.  Counter  electrode  as- 
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sembly  9  is  shown  adhered  to  the  body  surface  22 
by  means  of  an  ion-conducting  adhesive  layer  18. 
The  donor  and  counter  electrode  assemblies  8  and 
9  normally  include  a  strippable  release  liner,  not 
shown,  which  is  removed  prior  to  application  of 
electrode  assemblies  8  and  9  to  body  surface  22. 
Counter  electrode  assembly  9  contains  a  phar- 
macologically  acceptable  electrolyte  salt.  Suitable 
electrolytes  for  electrode  assembly  9  include  so- 
dium  chloride,  alkaline  salts,  chlorides,  sulfates, 
nitrates,  carbonates,  phosphates,  and  organic  salts 
such  as  ascorbates,  citrates,  acetates  and  mixtures 
thereof.  Electrode  assembly  9  may  also  contain  a 
buffering  agent.  Sodium  chloride  is  a  suitable  elec- 
trolyte  when  the  counter  electrode  assembly  9  is 
the  cathode  and  is  composed  of  silver/silver  chlo- 
ride,  optionally  with  a  sodium  phosphate  buffer. 

When  the  device  10  is  in  storage,  no  current 
flows  because  the  device  forms  an  open  circuit. 
When  the  device  10  is  placed  on  the  skin  or 
mucosal  membrane  of  a  patient,  and  the  electrode 
assemblies  8  and  9  become  sufficiently  hydrated 
to  allow  movement  of  ions  therethrough,  the  circuit 
between  the  electrodes  is  closed  and  the  power 
source  begins  to  deliver  current  through  the  device 
and  through  the  body  of  the  patient.  Electrical 
current  flowing  through  the  conductive  members 
11,12  and  13  of  the  device  10  (i.e.,  those  portions 
used  to  connect  the  power  source  27  to  the  elec- 
trode  assemblies  8  and  9)  is  carried  by  electrons 
(electronic  conduction),  while  current  flowing 
through  the  hydrated  portions  of  the  device  10 
(e.g.,  the  donor  electrode  assembly  8,  the  counter 
electrode  assembly  9  and  the  ion-conducting  adhe- 
sive  layers  17  and  18)  is  carried  by  ions  (ionic 
conduction).  In  order  for  current  to  flow  through  the 
device,  it  is  necessary  for  electrical  charge  to  be 
transferred  from  current  carrying  members  11  and 
12  to  chemical  species  in  solution  in  electrode 
assemblies  8  and  9,  respectively,  by  means  of 
oxidation  and  reduction  charge  transfer  reactions. 
The  type  of  charge  transfer  reaction  occurring  with- 
in  electrode  assembly  8  or  9  will  depend  in  part 
upon  the  polarity  of  the  electrode  assembly  as  well 
as  the  composition  of  the  conductive  filler  added  to 
the  electrode  assembly,  as  will  be  discussed  in 
more  detail  hereinafter. 

Electrode  assemblies  8  and  9  are  each  com- 
prised  of  a  polymeric  matrix  containing  a  conduc- 
tive  filler  and  an  agent  (e.g.,  a  drug  or  an  elec- 
trolyte)  to  be  iontophoretically  delivered  during  op- 
eration  of  the  device.  Any  polymer  which  can  be 
suitably  mixed  with  the  conductive  filler  and  the 
agent  may  be  used  as  the  polymeric  matrix  of 
electrode  assemblies  8  and  9.  Both  hydrophilic  and 
hydrophobic  polymers  can  be  used  as  the  matrix 
of  electrode  assemblies  8  and  9.  In  addition,  mix- 
tures  of  hydrophilic  and  hydrophobic  polymers 

may  also  be  used.  Examples  of  suitable  polymers 
for  use  as  the  matrix  of  electrode  assemblies  8  and 
9  include,  without  limitation,  polyalkenes, 
polyisoprenes,  rubbers,  polyvinylacetate,  ethylene 

5  vinyl  acetate  copolymers,  polyamides, 
polyurethanes,  polyvinylchloride,  polyvinyl  pyr- 
rolidones,  cellulosic  polymers,  polyethylene  oxides, 
polyacrylic  acid  polymers  and  mixtures  thereof.  A 
preferred  polymeric  matrix  for  electrode  assem- 

io  blies  8  and  9  is  a  mixture  of:  (1)  a  copolymer  of 
ethylene  vinyl  acetate  and  (2)  polyvinyl  pyrrolidone. 

The  polymeric  matrix  of  electrode  assemblies 
8  and  9  should  contain  about  5  to  50  vol%,  prefer- 
ably  about  15  to  30  vol%,  and  most  preferably 

is  about  20  to  25  vol%  of  a  conductive  filler  which 
forms  a  conductive  network  through  the  polymeric 
matrix.  The  conductive  filler  forming  the  conductive 
network  in  the  polymeric  matrix  may  be  comprised 
of  either  an  electrochemically  inert  conductive  ma- 

20  terial,  an  electrochemically  reactive  conductive  ma- 
terial  or  a  mixture  thereof.  As  mentioned  above,  as 
electrical  current  flows  through  device  10,  oxidation 
of  some  chemical  species  takes  place  within  one  of 
the  electrode  assemblies  8  and  9,  while  reduction 

25  of  some  chemical  species  takes  place  within  the 
other  electrode  assembly.  In  cases  where  the  con- 
ductive  filler  is  comprised  entirely  of  an  electro- 
chemically  inert  material  which  is  unable  to  un- 
dergo  oxidation  or  reduction  during  operation  of  the 

30  device,  the  water  used  to  hydrate  electrode  assem- 
blies  8  and  9  will  be  electrolyzed  during  operation 
of  device  10.  Unfortunately,  the  electrolysis  of  wa- 
ter  results  in  the  production  of  protons  at  the  an- 
odic  electrode  assembly  and  hydroxyl  ions  at  the 

35  cathodic  electrode  assembly.  In  addition,  gaseous 
hydrogen  and  oxygen  are  involved  at  the  cathodic 
and  anodic  electrode  assemblies,  respectively. 
Since  the  electrolysis  of  water  produces  protons 
and  hydroxyl  ions,  it  is  important  to  provide  either 

40  appropriate  buffers  or  to  utilize  an  appropriate  form 
of  a  drug,  i.e.,  either  an  acid  or  base  type  drug 
when  using  exclusively  electrochemically  inert  con- 
ductive  fillers.  For  example,  when  the  agent  to  be 
delivered  is  a  base  (e.g.,  lidocaine,  nicotine,  etc.) 

45  the  production  of  protons  within  the  anodic  donor 
electrode  assembly  8  will  act  to  convert  the  base  to 
an  ionizable  (e.g.,  salt)  form  which  can  be  delivered 
from  the  device  by  electromigration.  Similarly, 
when  the  agent  to  be  delivered  is  an  acid  (e.g., 

50  cromolyn)  the  production  of  hydroxyl  ions  within 
the  cathodic  donor  electrode  assembly  8  will  act  to 
convert  the  acid  to  an  ionizable  (e.g.,  salt)  form 
which  can  likewise  be  delivered  from  the  device  by 
electromigration. 

55  Alternatively,  and  in  many  cases  preferably,  the 
conductive  filler  will  be  comprised,  at  least  in  part, 
of  a  material  which  is  electrochemically  reactive 
and  participates  in  a  charge  transferring  chemical 
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reaction.  Examples  of  preferred  electrochemically 
reactive  conductive  fillers  include  silver,  zinc,  cop- 
per  and  silver  chloride.  The  preferred  oxida- 
tion/reduction  reactions  for  these  materials  are 
shown  below: 

Ag  =  Ag+  +  e~ 
Zn  =  Zn+2  +  2e" 
Cu  =  Cu+2  +  2e- 
Ag  +  CI-  =  AgCI  +  e-  

where  the  forward  reaction  is  the  oxidation  reaction 
taking  place  at  the  anodic  electrode  and  the  re- 
verse  reaction  is  the  reduction  reaction  taking  place 
at  the  cathodic  electrode.  Other  standard  elec- 
trochemical  reactions  and  their  respective  reduction 
potentials  are  well  known  in  the  art.  See  the  CRC 
Handbook  of  Chemistry  and  Physics,  pp  D  151-58, 
67th  edition  (1986-1987). 

If  the  electrode  assembly  is  to  be  used  as  an 
anode,  the  electrochemically  reactive  conductive 
filler  preferably  is  a  chemical  species  able  to  un- 
dergo  oxidation  during  operation  of  the  device. 
Suitable  chemical  species  able  to  undergo  oxida- 
tion  include  metals  such  as  silver,  zinc,  copper, 
nickel,  tin,  lead,  iron,  chromium  and  other  oxidiz- 
able  species  listed  in  the  CRC  Handbook  of  Chem- 
istry  and  Physics,  57th  edition,  D-141  to  D-146. 
Preferred  chemical  species  able  to  undergo  oxida- 
tion  are  metals,  preferably  in  the  form  of  powders. 
Most  preferred  are  silver  and  zinc  powders. 

If  the  electrode  assembly  is  to  be  used  as  a 
cathode,  the  electrochemically  reactive  conductive 
filler  preferably  is  a  chemical  species  able  to  un- 
dergo  reduction  during  operation  of  the  device. 
Suitable  chemical  species  which  are  able  to  un- 
dergo  reduction  include  silver  chloride,  silver  bro- 
mide,  silver  hexacyanoferrate,  and  other  reducible 
species  listed  in  the  CRC  Handbook  of  Chemistry 
and  Physics,  57th  edition,  D-141  to  D-146.  Of 
these,  silver  chloride  is  most  preferred. 

The  donor  and  counter  electrode  assemblies 
each  contain  from  about  1  to  50  vol%  of  an  agent 
to  be  iontophoretically  delivered  through  the  body 
surface.  Preferably,  the  polymeric  matrix  contains 
from  about  10  to  50  vol%  of  the  agent  and  most 
preferably  from  about  20  to  35  vol%  of  the  agent. 
As  used  herein,  the  expression  "agent"  can  mean 
a  drug  or  other  beneficial  therapeutic  agent  when 
referring  to  the  donor  electrode  assembly  or  an 
electrolyte  salt  when  referring  to  the  counter  elec- 
trode  assembly. 

The  electrode  assemblies  8  and  9  can  be 
formed  by  blending  the  desired  agent  (i.e.,  the 
drug  or  electrolyte),  the  conductive  filler  or  fillers 
and  other  component(s),  with  the  polymer  by  melt 
blending  the  conductive  filler  and  agent  into  the 
polymer  matrix  and  then  casting  the  blend  into  a 

film  using  known  solvent  casting  techniques,  for 
example.  On  a  commercial  scale  however,  the 
electrode  assemblies  8  and  9  are  preferably 
formed  by  pre-blending  the  conductive  filler  and 

5  agent  into  the  polymer  matrix  in  a  mixer  such  as  a 
Banbury  mixer  and  then  passing  the  pre-blended 
material  through  a  rubber  mill.  Rubber  milling  in- 
volves  repeatedly  passing  the  materials  through  the 
nip  of  two  rolls  rotating  at  different  speeds  and  in 

io  opposite  directions.  This  method  has  been  found  to 
be  particularly  suitable  when  using  a  combination 
of  carbon  fibers  and  powdered  metal  as  the  con- 
ductive  filler.  In  general,  the  material  must  be 
passed  through  multiple  rubber  mills,  or  alternative- 

15  ly,  must  be  passed  a  number  of  times  through  a 
single  rubber  mill  in  order  to  achieve  effective 
blending  of  the  agent  and  conductive  filler  through- 
out  the  polymer  matrix.  Following  the  last  rubber 
milling  step,  the  material  is  preferably  passed 

20  through  one  or  more  calendar  rolls  in  order  to 
obtain  a  precise  film  thickness. 

Figure  4  is  a  schematic  illustration  of  an  ap- 
paratus  used  to  manufacture  the  electrode  assem- 
blies  of  the  present  invention.  The  conductive  filler, 

25  the  agent  and  the  polymer  are  first  pre-blended  in 
a  suitable  commerical  mixer  47  such  as  a  Banbury 
mixer  or  similar  device.  The  pre-blended  material  is 
then  fed  into  hopper  41  of  mill  42.  For  example,  the 
material  fed  into  hopper  41  can  be  in  the  form  of 

30  chunks  of  pre-blended  polymer  containing  incom- 
pletely  blended  agent  and  filler  therein.  As  men- 
tioned  above,  mill  42  may  contain  one  or  more  sets 
of  opposed  rollers  rotating  at  different  speeds  and 
in  different  directions.  In  the  case  of  a  single  mill 

35  (i.e.,  a  single  set  of  opposed  rollers),  the  operator 
must  recycle  the  milled  material  back  through  the 
rollers  until  the  agent  and  the  filler(s)  are  homo- 
genously  blended  throughout  the  polymer  matrix. 
In  the  case  where  mill  42  contains  a  plurality  of 

40  sets  of  opposed  rollers,  the  material  can  be  suc- 
cessively  milled  on  a  continuous  basis  until  the 
filler(s)  and  the  agent  are  homogenously  blended 
throughout  the  polymer  matrix. 

A  sheet  50  of  the  blended  material  is  formed 
45  after  passing  through  the  last  pair  of  opposing 

rollers  in  the  rubber  mill  42.  Sheet  50  passes  over 
roller  43  and  is  fed  into  a  series  of  calender  rolls 
44,  45,  and  46.  Calender  rolls  44,  45,  46  are 
preferably  heated.  The  temperature  to  which  the 

50  calender  rolls  are  heated  will  depend  in  large  part 
on  the  specific  polymer  matrix  used  as  well  as  the 
specific  fillers  blended  therein.  For  example,  when 
using  an  EVA  9  polymer  matrix  containing  carbon 
fibers  and/or  silver  powder,  the  calender  rolls  are 

55  typically  heated  to  a  temperature  in  the  range  of 
about  120°C  to  130°C.  Another  example  is  a 
polyisobutylene  polymer  matrix  containing  the 
same  conductive  fillers.  The  polyisobutylene  film  is 
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typically  heated  to  a  temperature  in  the  range  of 
about  30  °  C  to  90  °  C.  The  calender  rolls  are  prefer- 
ably  operated  at  a  nip  pressure  of  at  least  about 
136  atm  gauge  (2000  psig).  The  final  sheet  50 
emerging  from  calender  rolls  46  has  an  extremely 
uniform  thickness,  generally  though  not  necessarily 
within  the  range  of  about  0.05  to  0.15  ±  0.005  mm, 
with  excellent  blending  of  filler  and  agent  through- 
out  the  polymer  sheet. 

Figure  2  illustrates  another  iontophoretic  deliv- 
ery  device  designated  by  the  numeral  20.  Like 
device  10,  device  20  also  contains  an  electrical 
power  source  27  (e.g.,  a  battery)  and  an  optional 
control  circuit  19.  However,  in  device  20  the  donor 
electrode  assembly  8  and  the  counter  electrode 
assembly  9  are  physically  attached  to  insulator  26 
and  form  a  single  self-contained  unit.  Insulator  26 
prevents  the  electrode  assemblies  8  and  9  from 
short  circuiting  by  preventing  electrical  and/or  ion 
transport  between  the  electrode  assemblies  8  and 
9.  Insulator  26  is  preferably  formed  of  a  hydropho- 
bic  non-conducting  polymeric  material  which  is  im- 
permeable  to  both  the  passage  of  ions  and  water. 
A  preferred  insulating  material  is  a  nonporous  eth- 
ylene  vinyl  acetate  copolymer. 

Alternatively,  both  the  donor  electrode  assem- 
bly  8  and  the  counter  electrode  assembly  9  may 
be  used  to  iontophoretically  deliver  different  benefi- 
cial  agents  through  body  surface  22.  For  example, 
positive  agent  ions  can  be  delivered  through  body 
surface  22  from  the  anodic  electrode  assembly, 
while  negative  agent  ions  can  be  delivered  from 
the  cathodic  electrode  assembly.  Alternatively,  neu- 
tral  drugs  can  be  introduced  from  either  electrode 
assembly  by  electroosmosis. 

As  an  alternative  to  the  side-by-side  alignment 
of  the  donor  electrode  assembly  8,  the  insulator  26 
and  the  counter  electrode  assembly  9  shown  in 
Figure  2,  the  electrode  assemblies  can  be  concen- 
trically  aligned  with  the  counter  electrode  assembly 
positioned  centrally  and  surrounded  by  the  insula- 
tor  26  and  the  donor  electrode  assembly.  The 
electrode  assemblies  can,  if  desired,  be  reversed 
with  the  counter  electrode  assembly  surrounding 
the  centrally  positioned  donor  electrode  assembly. 
The  concentric  alignment  of  the  electrode  assem- 
blies  can  be  circular,  elliptical,  rectangular  or  any  of 
a  variety  of  geometric  configurations. 

In  one  alternate  embodiment  shown  in  Figure 
3,  electrode  assembly  8  has  a  plurality  of  fluid  flow 
pathways  30  running  therethrough.  Pathways  30 
can  be  formed  by  any  number  of  known  means 
such  as  by  punching  the  electrode  assembly  8 
after  it  is  made  or  by  forming  the  pathways  at  the 
time  the  electrode  is  made  (e.g.,  by  molding)  using 
a  mold  insert.  Alternatively,  the  pathways  30  in 
electrode  assembly  8  (or  electrode  assembly  9) 
can  be  formed  by  mixing  a  sufficient  quantity, 

generally  about  10  to  50  vol%,  preferably  about  20 
to  35  vol%  and  most  preferably  about  25  to  30 
vol%,  of  a  pore  forming  agent  throughout  the  ma- 
trix  of  electrode  assembly  8.  In  all  of  these  cases,  a 

5  plurality  of  pathways  through  the  electrode  assem- 
bly  8  are  formed  which  can  carry  a  solvent,  such 
as  water,  therethrough.  The  electrode  of  Figure  3 
has  an  additional  advantage  in  that  it  permits  the 
delivery  device,  and  specifically  the  electrode  as- 

io  semblies,  to  be  manufactured  in  a  non-hydrated 
condition,  thereby  giving  the  device  a  longer  and 
more  stable  shelf  life.  Water,  and/or  another  liquid 
solvent,  can  be  applied  to  the  electrode  surface  at 
the  time  of  use.  The  pore  forming  agent  sorbs 

is  solvent  (e.g.,  water)  thereby  allowing  water  trans- 
port  along  a  plurality  of  fluid  flow  pathways  30 
through  the  "porous"  electrode  assembly  matrix  to 
hydrate  electrode  assembly(s)  and  place  the  de- 
vice  in  an  operational  (i.e.,  hydrated)  condition. 

20  The  pore-formers  useful  for  forming  the  path- 
ways  30  in  electrode  assemblies  8  and  9  include 
solids  and  pore-forming  liquids.  The  expression 
pore-forming  liquids  generically  embraces  semi- 
solids  and  viscous  fluids.  The  term  pore-former  for 

25  both  solids  and  liquids  includes  substances  that 
can  be  dissolved,  extracted  or  leached  from  the 
electrode  by  a  fluid,  preferably  water,  to  form  an 
open-cell  type  porous  structure.  Additionally,  the 
pore-formers  suitable  for  the  invention  include 

30  pore-formers  that  can  be  dissolved,  leached,  or 
extracted  without  causing  physical  or  chemical 
changes  in  the  electrode  polymer  matrix.  The  pore- 
forming  solids  generally  have  a  size  of  about  1  x 
10-7  to  2  x  10Hm  (0.1  to  200  microns)  and  they 

35  include  alkali  metal  salts  such  as  lithium  carbonate, 
sodium  chloride,  sodium  bromide,  sodium  carbon- 
ate,  potassium  chloride,  potassium  sulfate,  potas- 
sium  phosphate,  sodium  benzoate,  sodium  acetate, 
sodium  citrate,  potassium  nitrite,  and  the  like;  the 

40  alkaline  earth  metal  salts  such  as  calcium  phos- 
phate,  calcium  nitrate,  calcium  chloride,  and  the 
like;  the  transition  metal  salts  such  as  ferric  chlo- 
ride,  ferrous  sulfate,  zinc  sulfate,  cupric  chloride, 
manganese  fluoride,  manganese  fluorosilicate,  and 

45  the  like;  organic  compounds  such  as  polysac- 
charides  including  the  sugars  sucrose,  glucose, 
fructose,  mannitol,  mannose,  galactose,  aldohex- 
ose,  altrose,  talose,  sorbitol  and  the  like.  The  pore 
formers  can  also  be  soluble  polymers  such  as 

50  starch-graft  poly(Na  acrylate  co-acrylamide)  poly- 
mers.  Carbowaxes®,  Carbopol®,  and  the  like.  Pre- 
ferred  pore  formers  are  starch-graft  poly  (Na-ac- 
rylate  co-acrylamide)  polymers  sold  under  the 
trade  name  Waterlock®  by  Grain  Processing  Corp., 

55  Muscatine,  IA.  The  pore-formers  are  non-toxic  and 
form  fluid  flow  pathways  30  through  the  electrode 
matrix.  The  pathways  30  are  effective  to  convey 
water  and/or  other  liquid  solvent  to  the  underlying 
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drug  or  electrolyte  reservoir,  enabling  the  under- 
lying  reservoir  to  be  quickly  hydrated  using  an 
external  source  of  liquid  solvent  (e.g.,  water)  for 
quick  start-up  of  the  device. 

Power  source  27  is  typically  one  or  more  bat- 
teries.  As  an  alternative  to  a  battery,  device  10  can 
be  powered  by  a  galvanic  couple  formed  by  the 
current  carrying  member  11  and  current  carrying 
member  12  being  composed  of  dissimilar  elec- 
trochemical  couples  and  being  placed  in  electrical 
contact  with  one  other.  Typical  materials  for  de- 
livering  a  cationic  agent  into  the  body  include  a 
zinc  donor  current  carrying  member  11  and  a  sil- 
ver/silver  chloride  current  carrying  member  12.  A 
Zn-Ag/AgCI  galvanic  couple  provides  an  electrical 
potential  of  about  1  volt. 

Suitable  polymers  for  use  as  the  matrix  of 
electrode  assemblies  8  and  9  include,  without  limi- 
tation,  hydrophobic  polymers  such  as  polyethylene, 
polypropylene,  polyisoprenes  and  polyalkenes,  rub- 
bers  such  as  polyisobutylene,  copolymers  such  as 
Kraton®,  polyvinylacetate,  ethylene  vinyl  acetate 
copolymers,  polyamides  including  nylons, 
polyurethanes,  polyvinylchloride,  cellulose  acetate, 
cellulose  acetate  butyrate,  ethylcellulose,  cellulose 
acetate,  and  blends  thereof;  and  hydrophilic  poly- 
mers  such  as  hydrogels,  polyethylene  oxides, 
Polyox®,  Polyox®  blended  with  polyacrylic  acid  or 
Carbopol®,  cellulose  derivatives  such  as  hydrox- 
ypropyl  methyl  cellulose,  hydroxyethyl  cellulose, 
hydroxypropyl  cellulose,  pectin,  starch,  guar  gum, 
locust  bean  gum,  and  the  like,  and  blends  thereof. 

The  adhesive  properties  of  the  electrode  as- 
semblies  8  and  9  may  be  enhanced  by  adding  a 
resinous  tackifier.  This  is  especially  important  when 
using  a  non-tacky  polymeric  matrix.  Examples  of 
suitable  tackifiers  include  products  sold  under  the 
trademarks  Staybelite  Ester  #5  and  #10,  Regal-Rez 
and  Piccotac,  all  of  Hercules,  Inc.  of  Wilmington, 
DE.  Additionally,  the  matrix  may  contain  a  rheolog- 
ical  agent,  suitable  examples  of  which  include  min- 
eral  oil  and  silica. 

The  expressions  "drug"  and  "therapeutic 
agent"  are  used  interchangeably  and  are  intended 
to  have  their  broadest  interpretation  as  any 
therapeutically  active  substance  which  is  delivered 
to  a  living  organism  to  produce  a  desired,  usually 
beneficial,  effect.  In  general,  this  includes  therapeu- 
tic  agents  in  all  of  the  major  therapeutic  areas 
including,  but  not  limited  to,  anti-infectives  such  as 
antibiotics  and  antiviral  agents,  analgesics  including 
fentanyl,  sufentanil,  buprenophine  and  analgesic 
combinations,  anesthetics,  anorexics,  antiarthritics, 
antiasthmatic  agents  such  as  terbutaline,  anticon- 
vulsants,  antidepressants,  antidiabetic  agents,  an- 
tidiarrheals,  antihistamines,  anti-inflammatory 
agents,  antimigraine  preparations,  antimotion  sick- 
ness  preparations  such  as  scopolamine,  ondan- 

setron  and  granisetron,  antinauseants,  antineoplast- 
ics,  antiparkinsonism  drugs,  antipruritics,  anti- 
psychotics,  antipyretics,  antispasmodics,  including 
gastrointestinal  and  urinary,  anticholinergics,  sym- 

5  pathomimetrics,  xanthine  derivatives,  cardiovascu- 
lar  preparations  including  calcium  channel  blockers 
such  as  nifedipene,  beta-blockers,  beta-agonists 
such  as  dobutamine  and  ritodrine,  antiarrythmics, 
antihypertensives  such  as  atenolol,  ACE  inhibitors 

io  such  as  rinitidine,  diuretics,  vasodilators,  including 
general,  coronary,  peripheral  and  cerebral,  central 
nervous  system  stimulants,  cough  and  cold  prep- 
arations,  decongestants,  diagnostics,  hormones 
such  as  parathyroid  hormone,  hypnotics,  im- 

15  munosuppressives,  muscle  relaxants,  parasym- 
patholytics,  parasympathomimetrics,  prostaglan- 
dins,  proteins,  peptides,  psychostimulants,  seda- 
tives  and  tranquilizers. 

The  invention  is  also  useful  in  the  controlled 
20  delivery  of  peptides,  polypeptides,  proteins  and 

other  macromolecules.  These  macromolecular  sub- 
stances  typically  have  a  molecular  weight  of  at 
least  about  300  daltons,  and  more  typically  a  mo- 
lecular  weight  in  the  range  of  about  300  to  40,000 

25  daltons.  Specific  examples  of  peptides  and  proteins 
in  this  size  range  include,  without  limitation,  LHRH, 
LHRH  analogs  such  as  buserelin,  gonadorelin, 
naphrelin  and  leuprolide,  GHRH,  insulin,  in- 
sulotropin,  heparin,  calcitonin,  octreotide,  endor- 

30  phin,  TRH,  NT-36  (chemical  name:  N  =  [[(s)-4-oxo- 
2-azetidinyl]carbonyl]-L-histidyl-L-prolinamide), 
liprecin,  pituitary  hormones  (e.g.,  HGH,  HMG,  HCG, 
desmopressin  acetate,  etc.),  follicle  luteoids,  aANF, 
growth  factors  such  as  growth  factor  releasing  fac- 

35  tor  (GFRF),  /3MSH,  somatostatin,  bradykinin, 
somatotropin,  platelet-derived  growth  factor,  as- 
paraginase,  bleomycin  sulfate,  chymopapain, 
cholecystokinin,  chorionic  gonadotropin,  cor- 
ticotropin  (ACTH),  erythropoietin,  epoprostenol 

40  (platelet  aggregation  inhibitor),  glucagon,  hirulog, 
hyaluronidase,  interferon,  interleukin-2,  menotropins 
(urofollitropin  (FSH)  and  LH),  oxytocin,  strep- 
tokinase,  tissue  plasminogen  activator,  urokinase, 
vasopressin,  desmopressin,  ACTH  analogs,  ANP, 

45  ANP  clearance  inhibitors,  angiotensin  II  antago- 
nists,  antidiuretic  hormone  agonists,  antidiuretic 
hormone  antagonists,  bradykinin  antagonists,  CD4, 
ceredase,  CSF's,  enkephalins,  FAB  fragments,  IgE 
peptide  suppressors,  IGF-1,  neurotrophic  factors, 

50  colony  stimulating  factors,  parathyroid  hormone 
and  agonists,  parathyroid  hormone  antagonists, 
prostaglandin  antagonists,  pentigetide,  protein  C, 
protein  S,  renin  inhibitors,  thymosin  alpha-1,  throm- 
bolytics,  TNF,  vaccines,  vasopressin  antagonist  an- 

55  alogs,  alpha-1  anti-trypsin  (recombinant),  TGF-beta. 
It  is  most  preferable  to  use  a  water  soluble  salt  of 
the  drug  or  agent  to  be  delivered. 

8 
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The  combined  skin-contacting  areas  of  elec- 
trode  assemblies  8  and  9  can  vary  from  less  than  1 
cm2  to  greater  than  200  cm2.  The  average  device 
10  however,  will  have  electrode  assemblies  with  a 
combined  skin-contacting  area  within  the  range  of 
about  5-50  cm2. 

As  an  alternative  to  the  ion-conducting  adhe- 
sive  layers  17  and  18  shown  in  Figures  1  and  2, 
the  iontophoretic  delivery  devices  10  and  20  may 
be  self-adhering  to  the  skin  in  cases  where  the 
polymer  matrix  is  sufficiently  tacky,  either  alone  or 
by  addition  of  suitable  tackifying  resins.  Another 
alternative  to,  or  to  supplement  the  adhesiveness 
of,  the  ion-conducting  adhesive  layers  17  and  18  is 
an  adhesive  overlay.  Any  of  the  conventional  adhe- 
sive  overlays  used  to  secure  passive  transdermal 
delivery  devices  to  the  skin  may  be  used.  Another 
alternative/supplement  to  the  ion-conducting  adhe- 
sive  layers  17  and  18  is  a  peripheral  adhesive  layer 
surrounding  electrode  assemblies  8  and/or  9  allow- 
ing  electrode  assemblies  8  and/or  9  to  have  a 
surface  in  direct  contact  with  the  patient's  skin. 

Having  thus  generally  described  our  invention, 
the  following  examples  will  illustrate  preferred  em- 
bodiments  thereof. 

EXAMPLE  I 

An  anodic  electrode  assembly  was  made  by 
mixing  powdered  silver  and  graphite  fibers  into  an 
ethylene  vinyl  acetate  copolymer  matrix.  First,  21  .4 
g  of  ethylene  vinyl  acetate  copolymer  having  a 
vinyl  acetate  content  of  9%  (EVA  9)  were  added  to 
a  50  cm3  Brabender  mixer  (Brabender  Instruments, 
Inc.,  South  Hackensack,  NJ).  The  mixer  bowl  was 
preheated  to  90  °  C  and  the  blade  speed  was  set  at 
20  rpm.  The  EVA  9  polymer  was  mixed  for  about 
five  minutes  until  all  of  the  pellets  had  been  fused. 
Thereafter,  15.2  g  of  graphite  fibers  having  a  diam- 
eter  of  8  microns  and  a  length  of  6.4  mm  were 
slowly  added  into  the  mixer  over  a  period  of  about 
five  minutes.  Thereafter,  70.9  g  of  silver  powder 
having  an  average  particle  size  of  4  microns  was 
added  to  the  mixer  over  a  period  of  about  five 
minutes.  Thereafter,  9.0  g  of  metoclopramide  mon- 
ohydrochloride  (catalog  No.  M0763,  sold  by  Sigma 
Chemical  Company  of  St.  Louis,  MO)  were  slowly 
added  to  the  mixer  over  a  period  of  about  five 
minutes.  Thereafter,  the  blade  speed  was  in- 
creased  to  40  rpm  for  an  additional  20  minutes  of 
mixing. 

The  blended  material  (about  180  cm3)  was  then 
loaded  into  a  melt  press  to  produce  a  melt  pressed 
film.  The  press  had  two  platens  which  could  be 
heated  or  cooled  by  circulating  water/steam  there- 
through.  The  platens  were  heated  to  a  temperature 
of  120°C  and  the  film  was  pressed  at  a  pressure 
of  204  atm  (3000  psi).  Periodically,  the  pressure 

was  momentarily  released  in  order  to  release  air 
bubbles  from  the  film.  The  melt  pressed  film  was 
then  passed  between  opposing  calender  rolls  heat- 
ed  to  about  95  °C.  The  calendered  film  had  a 

5  thickness  of  0.15  mm  (6  mils). 
Experiments  were  conducted  to  evaluate  the 

drug  delivery  performance  of  the  single  lamina 
anodic  film  electrode  assembly  in  comparison  with 
the  drug  delivery  performance  of  two  different 

io  multi-lamina  type  electrode  assemblies  having  sep- 
arate  and  distinct  electrode  and  drug  reservoir  lay- 
ers.  The  apparatus  used  to  measure  the  elec- 
trochemical  performance  of  the  electrodes  included 
a  two  compartment  diffusion  cell  having  human 

is  cadaver  skin  clamped  in  the  opening  between  the 
two  compartments.  A  cathode  containing  silver 
chloride  was  mounted  within  the  receptor  compart- 
ment  which  was  then  filled  with  Dulbecco's  phos- 
phate  buffered  saline  (pH  7).  The  single  lamina 

20  anodic  electrode  assembly  was  attached  to  the 
skin  sample  on  the  donor  side  of  the  cell.  The 
single  lamina  electrode  assembly  was  fastened  to 
the  skin  sample  using  an  ion  conducting  adhesive 
composed  of  80  vol%  silicon  adhesive  and  20 

25  vol%  of  a  starch-graft  poly  (Na-acrylate  co-ac- 
rylamide)  polymer  (Waterlock®,  sold  by  Grain  Pro- 
cessing  Corp.,  Muscatine,  IA).  The  flux  of 
metoclopramide  through  the  cadaver  skin  into  the 
receptor  solution  was  measured  over  a  period  of  25 

30  hours  using  UV  spectroscopy.  The  electrodes  were 
connected  in  series  with  a  potentiostat  set  to  sup- 
ply  the  necessary  voltage  to  maintain  a  constant 
current  level  of  130  M.A  through  the  circuit.  The 
skin  contacting  area  was  1.3  cm2  so  the  current 

35  density  was  100  M.A/cm2. 
A  first  comparative  test  used  the  same  appara- 

tus  and  test  conditions  described  above  except  the 
single  layer  anodic  electrode  was  replaced  with  a 
multi-lamina  electrode  assembly  having  an  elec- 

40  trade  layer  comprised  of  an  EVA  9  polymer  matrix 
containing  25  vol%  silver  powder  and  20  vol% 
carbon  fibers.  A  second  layer  was  comprised  of  a 
rayon  polyester  fabric.  A  third  layer  comprised  of 
40  vol%  EVA  29,  25  vol%  polyvinylpyrrolidone  and 

45  35  vol%  metoclopramide  HCI  was  the  drug  reser- 
voir  layer.  The  drug  reservoir  layer  was  adhered  to 
the  skin  sample  using  the  same  ion  conducting 
adhesive  described  above. 

A  second  comparative  test  used  the  same  ap- 
50  paratus  and  test  conditions  described  above  except 

the  anodic  electrode  was  a  multi-lamina  electrode 
assembly  having  separate  electrode  and  drug  res- 
ervoir  layers.  The  electrode  layer  was  comprised  of 
an  EVA  9  polymer  matrix  loaded  with  25  vol% 

55  silver  powder  and  20  vol%  carbon  fibers.  The  drug 
reservoir  layer  was  comprised  of  a  rayon  polyester 
fabric  soaked  with  a  0.1  wt  %  aqueous  solution  of 
metoclopramide  HCI.  The  drug  reservoir  layer  was 

9 
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adhered  to  the  skin  sample  using  the  same  ion 
conducting  adhesive  described  above. 

The  metoclopramide  flux  from  both  the  single 
lamina  and  the  multi-lamina  electrode  assemblies 
over  time  is  shown  in  Figure  5.  As  can  be  seen,  the 
drug  flux  from  the  single  lamina  electrode  assem- 
bly  was  at  least  as  high  if  not  higher  than  the  drug 
flux  from  the  multi-lamina  electrode  assemblies. 
Thus,  the  single  lamina  electrode  assembly  deliv- 
ers  drug  as  efficiently  as  the  multi-lamina  electrode 
assemblies  but  without  the  attendant  risk  of  elec- 
trical  failure  between  adjacent  electrode  assembly 
layers.  Furthermore,  because  the  electrode  assem- 
bly  is  comprised  of  a  single  homogenous  layer,  the 
steps  required  to  manufacture  the  electrode  as- 
sembly  are  greatly  simplified  in  comparison  with 
the  manufacture  of  a  multi-lamina  electrode  assem- 
bly. 

Claims 

1.  An  electrically  powered  iontophoretic  delivery 
device  (10,20)  including  a  donor  electrode  as- 
sembly  (8)  adapted  to  be  placed  in  agent 
transmitting  relation  with  a  body  surface  (22),  a 
counter  electrode  assembly  (9)  adapted  to  be 
placed  in  agent  transmitting  relation  with  a 
body  surface  (22)  and  a  source  of  electrical 
power  (27)  adapted  to  be  electrically  connect- 
ed  to  the  donor  electrode  assembly  (8)  and  the 
counter  electrode  assembly  (9),  at  least  one  of 
the  electrode  assemblies  (8,9)  comprising  a 
polymeric  matrix,  about  5  to  50  vol%  of  a 
conductive  filler  forming  a  conductive  network 
through  the  matrix,  and  about  1  to  50  vol%  of 
an  agent  to  be  iontophoretically  delivered 
through  the  body  surface  (22); 

the  at  least  one  electrode  assembly  (8,9) 
being  characterized  by  a  substantially  homo- 
genous  blend  of  the  polymeric  matrix,  the  con- 
ductive  filler  and  the  agent  to  be  ion- 
tophoretically  delivered,  whereby  the  homo- 
genous  blend,  when  containing  a  liquid  solvent, 
is  permeable  to  the  agent  under  the  influence 
of  an  electric  field  applied  by  the  source  of 
electrical  power  (27). 

2.  The  device  of  claim  1,  wherein  the  polymeric 
matrix  is  selected  from  the  group  consisting  of 
hydrophilic  polymers,  hydrophobic  polymers 
and  blends  thereof. 

3.  The  device  of  claim  2,  wherein  the  polymeric 
matrix  is  comprised  of  a  hydrophobic  polymer 
selected  from  the  group  consisting  of  ethylene 
vinyl  acetate  copolymers,  polyalkylenes, 
polyisoprenes,  rubbers,  polyisobutylene,  poly- 
vinylacetate,  polyamides,  polyurethanes,  poly- 

vinylchlorides,  and  modified  cellulosic  poly- 
mers. 

4.  The  device  of  claim  1,  wherein  the  polymeric 
5  matrix  comprises  an  ethylene  vinyl  acetate 

copolymer. 

5.  The  device  of  claim  2,  wherein  the  polymeric 
matrix  is  comprised  of  a  hydrophilic  polymer 

io  selected  from  the  group  consisting  of 
hydrogels,  polyethylene  oxides,  cellulosic  poly- 
mers,  polyacrylic  acids  and  polyvinyl  pyr- 
rolidones. 

is  6.  The  device  of  claim  2,  wherein  the  polymeric 
matrix  comprises  polyvinyl  pyrrolidone. 

7.  The  device  of  claim  1,  containing  about  15  to 
30  vol.%  of  the  conductive  filler. 

20 
8.  The  device  of  claim  1,  containing  about  20  to 

25  vol.%  of  the  conductive  filler. 

9.  The  device  of  claim  1  ,  wherein  the  conductive 
25  filler  comprises  an  electrochemically  reactive 

material  able  to  undergo  oxidation  or  reduction 
during  operation  of  the  device. 

10.  The  device  of  claim  9,  wherein  the  electro- 
30  chemically  reactive  material  is  selected  from 

the  group  consisting  of  Ag,  Zn,  Cu,  silver 
halides,  copper  halides  and  Ag4Fe(CN)G. 

11.  The  device  of  claim  1,  wherein  the  conductive 
35  filler  comprises  an  electrochemically  inert  ma- 

terial. 

12.  The  device  of  claim  11,  wherein  the  conductive 
filler  is  selected  from  the  group  consisting  of 

40  carbon  or  graphite  fibers,  powdered  carbon  or 
graphite  and  electrochemically  inert  metals. 

13.  The  device  of  claim  12,  wherein  the  inert  metal 
is  selected  from  the  group  consisting  of  plati- 

45  num,  palladium,  gold  and  stainless  steel. 

14.  The  device  of  claim  1,  wherein  a  plurality  of 
fluid  flow  pathways  (30)  are  provided  through 
the  electrode  assembly  (8,9). 

50 
15.  The  device  of  claim  14,  wherein  the  fluid  flow 

pathways  (30)  are  provided  by  a  soluble  pore 
forming  agent  in  the  polymeric  matrix. 

55  16.  The  device  of  claim  1,  containing  about  10  to 
50  vol%  of  the  agent. 

10 
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17.  The  device  of  claim  1,  containing  about  20  to 
35  vol%  of  the  agent. 

18.  The  device  of  claim  1,  wherein  the  at  least  one 
electrode  assembly  is  a  donor  electrode  as- 
sembly  (8)  and  the  agent  is  a  drug. 

19.  The  device  of  claim  1,  wherein  the  at  least  one 
electrode  assembly  is  a  counter  electrode  as- 
sembly  (9)  and  the  agent  is  an  electrolyte. 

20.  The  device  of  claim  1,  wherein  the  polymeric 
matrix  is  comprised  of  about  10  to  60  wt%  of  a 
hydrophilic  polymer  and  about  10  to  60  wt%  of 
a  hydrophobic  polymer. 

21.  The  device  of  claim  1,  wherein  the  power 
source  (27)  comprises  a  battery. 

22.  A  method  of  making  an  electrode  assembly 
(8,9)  for  an  electrically  powered  iontophoretic 
delivery  device  (10,20),  characterized  by: 

homogenously  blending  a  mixture  of  about 
5  to  50  vol%  of  a  conductive  filler,  from  about 
1  to  50  vol%  of  an  agent  to  be  iontophoretical- 
ly  delivered  and  the  remainder  a  polymeric 
matrix  until  the  filler  forms  an  electrically  con- 
ductive  network  through  the  polymer  matrix 

forming  the  agent-containing  blended  mix- 
ture  into  a  sheet  (50),  whereby  the  homo- 
genous  blended  sheet  (50),  when  containing  a 
liquid  solvent,  is  permeable  to  the  agent  under 
the  influence  of  an  electric  field  applied  by  the 
source  of  electrical  power  (27). 

23.  The  method  of  claim  22,  wherein  the  sheet 
(50)  is  formed  by  pre-mixing  the  conductive 
filler  and  the  agent  in  the  polymeric  matrix  and 
passing  the  matrix  through  a  pair  of  opposing 
rollers  rotating  at  different  speeds  and  in  op- 
posite  directions. 

24.  The  method  of  claim  23,  further  including 
calendering  the  sheet  (50)  to  a  uniform  thick- 
ness. 

25.  The  method  of  claim  22,  wherein  the  sheet 
(50)  is  formed  by  pre-mixing  the  conductive 
filler  and  the  agent  in  the  polymeric  matrix  and 
passing  through  multiple  pairs  of  opposing  roll- 
ers  rotating  at  different  speeds  and  in  opposite 
directions. 

26.  The  method  of  claim  25,  further  including 
calendering  the  sheet  (50)  to  a  uniform  thick- 
ness. 

27.  The  method  of  claim  24,  wherein  the  calen- 
dering  comprises  passing  the  sheet  (50) 
through  a  plurality  of  pairs  of  opposed  cal- 
ender  rolls  (44,45,46). 

5 
28.  The  method  of  claim  25,  wherein  the  calen- 

dering  comprises  passing  the  sheet  (50) 
through  a  plurality  of  pairs  of  opposed  cal- 
ender  rolls. 

10 
29.  The  method  of  claim  23,  wherein  the  pair  of 

opposed  rolls  rotating  at  different  speeds  and 
in  opposite  directions  comprises  a  rubber  mill 
(42). 

15 
30.  The  method  of  claim  22,  wherein  the  conduc- 

tive  filler  comprises  an  electrochemically  reac- 
tive  material  able  to  undergo  oxidation  or  re- 
duction  during  operation  of  the  device. 

20 
31.  The  method  of  claim  28,  wherein  the  elec- 

trochemically  reactive  material  is  selected  from 
the  group  consisting  of  Ag,  Zn,  Cu,  silver 
halides,  copper  halides  and  Ag+  Fe(CN)G. 

25 
32.  The  method  of  claim  22,  wherein  the  conduc- 

tive  filler  comprises  an  electrochemically  inert 
material. 

30  33.  The  method  of  claim  32,  wherein  the  conduc- 
tive  filler  is  selected  from  the  group  consisting 
of  carbon  or  graphite  fibers,  powdered  carbon, 
graphite  and  electrochemically  inert  metals. 

35  34.  The  method  of  claim  33,  wherein  the  inert 
metal  is  selected  from  the  group  consisting  of 
platinum,  gold  and  stainless  steel. 

35.  The  method  of  claim  22,  including  homo- 
40  genously  blending  about  10  to  50  vol%  of  a 

pore  forming  agent  in  the  mixture. 

36.  The  method  of  claim  22,  wherein  the  polymeric 
matrix  is  selected  from  the  group  consisting  of 

45  hydrophilic  polymers,  hydrophobic  polymers 
and  blends  thereof. 

37.  The  method  of  claim  22,  wherein  the  polymeric 
matrix  is  comprised  of  a  hydrophobic  polymer 

50  selected  from  the  group  consisting  of  ethylene 
vinyl  acetate  copolymers,  polyalkylenes, 
polyisoprenes,  rubbers,  polyisobutylene,  poly- 
vinylacetate,  polyamides,  polyurethanes,  poly- 
vinylchlorides,  and  modified  cellulosic  poly- 

55  mers. 

38.  The  method  of  claim  22,  wherein  the  polymeric 
matrix  comprises  an  ethylene  vinyl  acetate 

11 
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copolymer. 

39.  The  method  of  claim  22,  wherein  the  polymeric 
matrix  is  comprised  of  a  hydrophilic  polymer 
selected  from  the  group  consisting  of 
hydrogels,  polyethylene  oxides,  cellulosic  poly- 
mers,  polyacrylic  acies  and  polyvinyl  pyr- 
rolidones. 

40.  The  method  of  claim  22,  wherein  the  polymeric 
matrix  comprises  polyvinyl  pyrrolidone. 

Patentanspruche 

4.  Einrichtung  nach  Anspruch  1,  bei  welchem  die 
Polymermatrix  ein  Ethylen-Vinylacetat-Copoly- 
mer  umfaBt. 

5  5.  Einrichtung  nach  Anspruch  2,  bei  welchem  die 
Polymermatrix  aus  einem  hydrophilen  Polymer 
besteht,  das  aus  der  aus  Hydrogelen,  Polyeth- 
ylenoxiden,  Cellulosepolymeren,  Polyacrylsau- 
ren  und  Polyvinylpyrrolidonen  bestehenden 

io  Gruppe  gewahlt  wird. 

6.  Einrichtung  nach  Anspruch  2,  bei  welchem  die 
Polymermatrix  Polyvinylpyrrolidon  umfaBt. 

1.  Elektrisch  betriebene  iontophoretische  Verab- 
reichungseinrichtung  (10,20)  mit  einer  Donor- 
elektrodenanordnung  (8),  die  im  Verhaltnis  zu 
einer  Korperoberflache  (22)  so  anzuordnen  ist, 
dal3  ein  Wirkstoff  ubertragen  wird,  mit  einer 
Gegenelektrodenanordnung  (9),  die  im  Verhalt- 
nis  zu  einer  Korperoberflache  (22)  so  anzuord- 
nen  ist,  dal3  ein  Wirkstoff  ubertragen  wird,  und 
mit  einer  Stromquelle  (27)  fur  die  elektrische 
Verbindung  mit  der  Donorelektrodenanordnung 
(8)  und  der  Gegenelektrodenanordnung  (9), 
wobei  zumindest  eine  der  Elektrodenanordnun- 
gen  (8,9)  eine  Polymermatrix,  etwa  5  bis  50 
Vol.-%  eines  leitenden  Fullstoffes,  der  ein  Lei- 
tungsnetz  durch  die  Matrix  hindurch  bildet,  und 
etwa  1  bis  50  Vol.-%  eines  durch  die  Korper- 
oberflache  (22)  hindurch  iontophoretisch  zu 
verabreichenden  Wirkstoffes  enthalt,  wobei 
diese  zumindest  eine  Elektrodenanordnung 
(8,9)  gekennzeichnet  ist  durch  eine  im  wesent- 
lichen  homogene  Mischung  der  Polymermatrix, 
des  leitenden  Fullstoffes  und  des  iontophore- 
tisch  zu  verabreichenden  Wirkstoffes,  wodurch 
die  homogene  Mischung,  wenn  sie  ein  flussi- 
ges  Losungsmittel  enthalt,  unter  dem  EinfluB 
eines  durch  die  Stromquelle  (27)  anzulegenden 
elektrischen  Feldes  fur  den  Wirkstoff  durchlas- 
sig  ist. 

2.  Einrichtung  nach  Anspruch  1,  bei  welchem  die 
Polymermatrix  aus  der  Gruppe  gewahlt  wird, 
die  aus  hydrophilen  Polymeren,  hydrophoben 
Polymeren  und  deren  Mischungen  besteht. 

3.  Einrichtung  nach  Anspruch  2,  bei  welchem  die 
Polymermatrix  aus  einem  hydrophoben  Poly- 
mer  besteht,  das  aus  der  aus  Ethylen-Vinyl- 
acetat-Copolymeren,  Polyalkylenen,  Polyiso- 
prenen,  Gummi,  Polyisobutylen,  Polyvinylace- 
tat,  Polyamiden,  Polyurethanen,  Polyvinylchlo- 
riden  und  modifizierten  Cellulosepolymeren 
bestehenden  Gruppe  gewahlt  wird. 

15  7.  Einrichtung  nach  Anspruch  1,  das  etwa  15  bis 
30  Vol.-%  des  leitenden  Fullstoffes  enthalt. 

8.  Einrichtung  nach  Anspruch  1  ,  das  etwa  20  bis 
25  Vol.-%  des  leitenden  Fullstoffes  enthalt. 

20 
9.  Einrichtung  nach  Anspruch  1,  bei  welchem  der 

leitende  Fullstoff  ein  elektrochemisch  reaktives 
Material  enthalt,  das  wahrend  des  Betriebs  der 
Einrichtung  einer  Oxidation  oder  Reduktion  un- 

25  terzogen  werden  kann. 

10.  Einrichtung  nach  Anspruch  9,  bei  welchem  das 
elektrochemisch  reaktive  Material  aus  der  aus 
Ag,  Zn,  Cu,  Silberhalogeniden,  Kupferhalogeni- 

30  den  und  Ag4Fe(CN)G  bestehenden  Gruppe  ge- 
wahlt  wird. 

11.  Einrichtung  nach  Anspruch  1,  bei  welchem  der 
leitende  Fullstoff  ein  elektrochemisch  inertes 

35  Material  enthalt. 

12.  Einrichtung  nach  Anspruch  11,  bei  welchem 
der  leitende  Fullstoff  aus  der  aus  Kohlenstoff- 
oder  Graphitfasern,  pulverisiertem  Kohlenstoff 

40  oder  Graphit  und  elektrochemisch  inerten  Me- 
tallen  bestehenden  Gruppe  gewahlt  wird. 

13.  Einrichtung  nach  Anspruch  12,  bei  welchem 
das  inerte  Metall  aus  der  aus  Platin,  Palladium, 

45  Gold  und  rostfreiem  Stahl  bestehenden  Grup- 
pe  gewahlt  wird. 

14.  Einrichtung  nach  Anspruch  1,  bei  welchem 
eine  Vielzahl  von  Fluidstromungswegen  (30) 

50  durch  die  Elektrodenanordnung  (8,9)  hindurch 
vorgesehen  ist. 

15.  Einrichtung  nach  Anspruch  14,  bei  welchem 
die  Fluidstromungswege  (30)  durch  einen  losli- 

55  chen,  Poren  bildenden  Wirkstoff  in  der  Poly- 
mermatrix  gebildet  werden. 

12 
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16.  Einrichtung  nach  Anspruch  1,  das  etwa  10  bis 
50  Vol.-%  des  Wirkstoffes  enthalt. 

17.  Einrichtung  nach  Anspruch  1,  das  etwa  20  bis 
35  Vol.-%  des  Wirkstoffes  enthalt. 

18.  Einrichtung  nach  Anspruch  1,  bei  welchem  zu- 
mindest  eine  Elektrodenanordnung  eine  Donor- 
elektrodenanordnung  (8)  und  der  Wirkstoff  ein 
Arzneimittel  ist. 

19.  Einrichtung  nach  Anspruch  1,  bei  welchem  zu- 
mindest  eine  Elektrodenanordnung  eine  Ge- 
genelektrodenanordnung  (9)  und  der  Wirkstoff 
ein  Elektrolyt  ist. 

20.  Einrichtung  nach  Anspruch  1,  bei  welchem  die 
Polymermatrix  aus  etwa  10  bis  60  Gew.-% 
eines  hydrophilen  Polymers  und  etwa  10  bis 
60  Gew.-%  eines  hydrophoben  Polymers  be- 
steht. 

21.  Einrichtung  nach  Anspruch  1,  bei  welchem  die 
Stromquelle  (27)  eine  Batterie  umfaBt. 

22.  Verfahren  zur  Herstellung  einer  Elektrodenan- 
ordnung  (8,9)  fur  eine  elektrisch  betriebene 
iontophoretische  Verabreichungseinrichtung 
(10,20),  gekennzeichnet  durch: 
homogenes  Vermengen  eines  Gemisches  von 
etwa  5  bis  50  Vol.-%  eines  leitenden  Fullstof- 
fes  aus  etwa  1  bis  50  Vol.-%  eines  iontophore- 
tisch  zu  verabreichenden  Wirkstoffes  und  einer 
Polymermatrix  als  Rest,  bis  der  Fullstoff  ein 
elektrisch  leitendes  Netz  durch  die  Polymer- 
matrix  hindurch  bildet; 
Formen  des  den  Wirkstoff  enthaltenden  ver- 
mengten  Gemisches  zu  einer  Bahn  (50),  wo- 
durch  die  homogen  vermengte  Schicht  (50), 
wenn  sie  ein  flussiges  Losungsmittel  enthalt, 
unter  dem  EinfluB  eines  durch  die  Stromquelle 
(27)  anzulegenden  elektrischen  Feldes  fur  den 
Wirkstoff  durchlassig  ist. 

23.  Verfahren  nach  Anspruch  22,  bei  welchem  die 
Bahn  (50)  durch  vorheriges  Vermengen  des 
leitenden  Fullstoffes  und  des  Wirkstoffes  in  der 
Polymermatrix  und  durch  Hindurchfuhren  der 
Matrix  durch  ein  Paar  einander  gegenuberlie- 
gender  Walzen,  die  sich  mit  unterschiedlichen 
Geschwindigkeiten  in  gegenlaufigen  Richtun- 
gen  drehen,  gebildet  wird. 

24.  Verfahren  nach  Anspruch  23,  bei  welchem  die 
Bahn  (50)  ferner  zu  gleichmaBiger  Dicke  ka- 
landriert  wird. 

25.  Verfahren  nach  Anspruch  22,  bei  welchem  die 
Bahn  (50)  durch  vorheriges  Vermengen  des 
leitenden  Fullstoffes  und  des  Wirkstoffes  in  der 
Polymermatrix  und  durch  Hindurchfuhren 

5  durch  mehrere  Paare  einander  gegenuberlie- 
gender  Walzen,  die  sich  mit  unterschiedlichen 
Geschwindigkeiten  in  gegenlaufigen  Richtun- 
gen  drehen,  gebildet  wird. 

70  26.  Verfahren  nach  Anspruch  25,  bei  welchem  die 
Bahn  (50)  ferner  zu  gleichmaBiger  Dicke  ka- 
landriert  wird. 

27.  Verfahren  nach  Anspruch  24,  bei  welchem  das 
75  Kalandrieren  das  Hindurchfuhren  der  Bahn  (50) 

durch  eine  Vielzahl  von  einander  gegenuberlie- 
gend  angeordneten  Druckwalzen  (44,45,46) 
umfaBt. 

20  28.  Verfahren  nach  Anspruch  25,  bei  welchem  das 
Kalandrieren  das  Hindurchfuhren  der  Bahn  (50) 
durch  eine  Vielzahl  von  einander  gegenuberlie- 
gend  angeordneten  Druckwalzen  umfaBt. 

25  29.  Verfahren  nach  Anspruch  23,  bei  welchem  das 
Paar  einander  gegenuberliegender  Walzen,  die 
sich  mit  unterschiedlichen  Geschwindigkeiten 
und  in  gegenlaufigen  Richtungen  drehen,  ein 
Gummiwalzwerk  (42)  umfaBt. 

30 
30.  Verfahren  nach  Anspruch  22,  bei  welchem  der 

leitende  Fullstoff  ein  elektrochemisch  reaktives 
Material  enthalt,  das  wahrend  des  Betriebs  der 
Einrichtung  einer  Oxidation  oder  Reduktion  un- 

35  terzogen  werden  kann. 

31.  Verfahren  nach  Anspruch  28,  bei  welchem  das 
elektrochemisch  reaktive  Material  aus  der  aus 
AG,  Zn,  Cu,  Silberhalogeniden,  Kupferhaloge- 

40  niden  und  Ag4Fe(CN)G  bestehenden  Gruppe 
gewahlt  wird. 

32.  Verfahren  nach  Anspruch  22,  bei  welchem  der 
leitende  Fullstoff  ein  elekrochemisch  inertes 

45  Metall  enthalt. 

33.  Verfahren  nach  Anspruch  32,  bei  welchem  der 
leitende  Fullstoff  aus  der  aus  Kohlenstoff-  oder 
Graphitfasern,  pulverisiertem  Kohlenstoff,  Gra- 

50  phit  und  elektrochemisch  inerten  Metallen  be- 
stehenden  Gruppe  gewahlt  wird. 

34.  Verfahren  nach  Anspruch  33,  bei  welchem  das 
inerte  Metall  aus  der  aus  Platin,  Gold  und 

55  rostfreiem  Stahl  bestehenden  Gruppe  gewahlt 
wird. 

13 
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35.  Verfahren  nach  Anspruch  22,  welches  das  ho- 
mogene  Vermengen  von  etwa  10  bis  50  Vol.- 
%  eines  Poren  bildenden  Wirkstoffes  in  dem 
Gemisch  enthalt. 

36.  Verfahren  nach  Anspruch  22,  bei  welchem  die 
Polymermatrix  aus  der  aus  hydrophilen  Poly- 
meren,  hydrophoben  Polymeren  und  deren  Mi- 
schungen  bestehenden  Gruppe  gewahlt  wird. 

37.  Verfahren  nach  Anspruch  22,  bei  welchem  die 
Polymermatrix  aus  einem  hydrophoben  Poly- 
mer  besteht,  das  aus  der  aus  Ethylen-Vinyl- 
acetat-Copolymeren,  Polyalkylenen,  Polyiso- 
prenen,  Gummi,  Polyisobutylen,  Polyvinylace- 
tat,  Polyamiden,  Polyurethanen,  Polyvinylchlo- 
riden  und  modifizierten  Cellulosepolymeren 
bestehenden  Gruppe  gewahlt  wird. 

38.  Verfahren  nach  Anspruch  22,  bei  welchem  die 
Polymermatrix  ein  Ethylen-Vinylacetat-Copoly- 
mer  enthalt. 

39.  Verfahren  nach  Anspruch  22,  bei  welchem  die 
Polymermatrix  aus  einem  hydrophilen  Polymer 
besteht,  das  aus  der  aus  Hydrogelen,  Polyeth- 
ylenoxiden,  Cellulosepolymeren,  Polyacrylsau- 
ren  und  Polyvinylpyrrolidonen  bestehenden 
Gruppe  gewahlt  wird. 

40.  Verfahren  nach  Anspruch  22,  bei  welchem  die 
Polymermatrix  Polyvinylpyrrolidon  enthalt. 

Revendicatlons 

1.  Dispositif  d'administration  iontophoretique  a 
commande  electrique  (10,  20),  comprenant  un 
ensemble  d'electrodes  donneuses  (8),  adapte 
de  fagon  a  etre  place  en  relation  de  transmis- 
sion  d'agents  avec  une  surface  corporelle  (22), 
un  ensemble  de  contre-electrodes  (9),  pouvant 
etre  place  en  relation  de  transmission  d'agents 
avec  une  surface  corporelle  (22),  et  une  source 
d'energie  electrique  (27)  pouvant  etre  electri- 
quement  connectee  a  I'ensemble  d'electrodes 
donneuses  (8)  et  a  I'ensemble  de  contre-elec- 
trodes  (9),  au  moins  I'un  des  ensembles 
d'electrodes  (8,  9)  comprenant  une  matrice 
polymere,  environ  5  a  50  %  en  volume  d'une 
charge  conductrice  formant  un  reseau  conduc- 
teur  a  travers  la  matrice,  et  environ  1  a  50  % 
en  volume  d'un  agent  destine  a  etre  administre 
par  voie  iontophoretique  a  travers  la  surface 
corporelle  (22)  ; 

au  moins  I'un  des  ensembles  d'electrodes 
(8,  9)  etant  caracterise  par  un  melange  essen- 
tiellement  homogene  de  la  matrice  polymere, 
de  la  charge  conductrice  et  de  I'agent  destine 

a  etre  administre  par  voie  iontophoretique,  le 
melange  homogene,  quand  il  contient  un  sol- 
vant  liquide,  etant  permeable  a  I'agent  sous 
I'influence  d'un  champ  electrique  applique  par 

5  la  source  d'energie  electrique  (27). 

2.  Dispositif  selon  la  revendication  1  ,  dans  lequel 
la  matrice  polymere  est  choisie  parmi  I'ensem- 
ble  comprenant  les  polymeres  hydrophiles,  les 

io  polymeres  hydrophobes  et  leurs  melanges. 

3.  Dispositif  selon  la  revendication  2,  dans  lequel 
la  matrice  polymere  est  constitute  d'un  poly- 
mere  hydrophobe  choisi  parmi  I'ensemble 

is  comprenant  les  copolymeres  d'ethylene  et 
d'acetate  de  vinyle,  les  polyalkylenes,  les  po- 
lyisoprenes,  les  caoutchoucs,  le  polyisobutyle- 
ne,  le  poly(acetate  de  vinyle),  les  polyamides, 
les  polyurethannes,  les  poly(chlorures  de  viny- 

20  le)  et  les  polymeres  cellulosiques  modifies. 

4.  Dispositif  selon  la  revendication  1  ,  dans  lequel 
la  matrice  polymere  comprend  un  copolymere 
d'ethylene  et  d'acetate  de  vinyle. 

25 
5.  Dispositif  selon  la  revendication  2,  dans  lequel 

la  matrice  polymere  est  constitute  d'un  poly- 
mere  hydrophile  choisi  parmi  I'ensemble  com- 
prenant  les  hydrogels,  les  poly(oxydes  d'ethy- 

30  lene),  les  polymeres  cellulosiques,  les  poly- 
(acides  acryliques)  et  les  polyvinylpyrrolido- 
nes. 

6.  Dispositif  selon  la  revendication  2,  dans  lequel 
35  la  matrice  polymere  comprend  de  la  polyvinyl- 

pyrrolidone. 

7.  Dispositif  selon  la  revendication  1  ,  qui  contient 
environ  15  a  30  %  en  volume  de  la  charge 

40  conductrice. 

8.  Dispositif  selon  la  revendication  1  ,  qui  contient 
environ  20  a  25  %  en  volume  de  la  charge 
conductrice. 

45 
9.  Dispositif  selon  la  revendication  1  ,  dans  lequel 

la  charge  conductrice  comprend  un  materiau 
electrochimiquement  reactif,  pouvant  subir  une 
oxydation  ou  une  reduction  pendant  le  fonc- 

50  tionnement  du  dispositif. 

10.  Dispositif  selon  la  revendication  9,  dans  lequel 
le  materiau  electrochimiquement  reactif  est 
choisi  parmi  I'ensemble  comprenant  Ag,  Zn, 

55  Cu,  les  halogenures  d'argent,  les  halogenures 
de  cuivre  et  Ag4Fe(CN)G. 

14 
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11.  Dispositif  selon  la  revendication  1,  dans  lequel 
la  charge  conductrice  comprend  un  materiau 
electrochimiquement  inerte. 

12.  Dispositif  selon  la  revendication  11,  dans  le- 
quel  la  charge  conductrice  est  choisie  parmi 
I'ensemble  comprenant  les  fibres  de  carbone 
ou  de  graphite,  le  carbone  ou  le  graphite  en 
poudre,  et  les  metaux  electrochimiquement 
inertes. 

13.  Dispositif  selon  la  revendication  12,  dans  le- 
quel  le  metal  inerte  est  choisi  parmi  I'ensem- 
ble  comprenant  le  platine,  le  palladium,  I'or  et 
I'acier  inoxydable. 

14.  Dispositif  selon  la  revendication  1,  dans  lequel 
on  prevoit  plusieurs  trajectoires  d'ecoulement 
fluide  30  a  travers  I'ensemble  d'electrodes  (8, 
9). 

15.  Dispositif  selon  la  revendication  14,  dans  le- 
quel  les  trajectoires  d'ecoulement  fluide  (30) 
sont  realisees  par  un  agent  porogene  soluble 
dans  la  matrice  polymere. 

16.  Dispositif  selon  la  revendication  1,  qui  contient 
environ  10  a  50  %  en  volume  de  I'agent. 

17.  Dispositif  selon  la  revendication  1,  qui  contient 
environ  20  a  35  %  en  volume  de  I'agent. 

18.  Dispositif  selon  la  revendication  1,  dans  lequel 
au  moins  un  ensemble  d'electrodes  est  un 
ensemble  d'electrodes  donneuses  (8)  et 
I'agent  est  un  medicament. 

19.  Dispositif  selon  la  revendication  1,  dans  lequel 
au  moins  I'un  des  ensembles  d'electrodes  est 
un  ensemble  de  contre-electrodes  (9),  et 
I'agent  est  un  electrolyte. 

20.  Dispositif  selon  la  revendication  1  ,  dans  lequel 
la  matrice  polymere  est  constitute  d'environ 
10  a  60  %  en  poids  d'un  polymere  hydrophile 
et  d'environ  10  a  60  %  en  poids  d'un  polyme- 
re  hydrophobe. 

21.  Dispositif  selon  la  revendication  1,  dans  lequel 
la  source  d'energie  (27)  comprend  une  pile. 

22.  Procede  pour  fabriquer  un  ensemble  d'electro- 
des  (8,  9)  destine  a  un  dispositif  (10,  20) 
d'administration  par  iontophorese  a  commande 
electrique,  caracterise  en  ce  qu'il  consiste  : 

a  melanger  jusqu'a  homogeneite  un  me- 
lange  d'environ  5  a  50  %  en  volume  d'une 
charge  conductrice,  d'environ  1  a  50  %  en 

volume  d'un  agent  destine  a  etre  administre 
par  voie  iontophoretique,  le  reste  etant  une 
matrice  polymere,  jusqu'a  ce  que  la  charge 
forme  un  reseau  electro-conducteur  a  travers 

5  la  matrice  polymere, 
a  transformer  le  melange  contenant  I'agent 

en  une  feuille  (50),  la  feuille  melangee  homo- 
gene  (50),  quand  elle  contient  un  solvant  liqui- 
de,  etant  permeable  a  I'agent  sous  I'influence 

io  d'un  champ  electrique  applique  par  la  source 
d'energie  electrique  (27). 

23.  Procede  selon  la  revendication  22,  dans  lequel 
la  feuille  (50)  est  obtenue  par  pre-melange  de 

is  la  charge  conductrice  et  de  I'agent  dans  la 
matrice  polymere,  et  par  passage  de  la  matri- 
ce  a  travers  deux  cylindres  opposes  tournant  a 
des  vitesses  differentes  et  dans  des  directions 
opposees. 

20 
24.  Procede  selon  la  revendication  23,  qui  consis- 

te,  en  outre,  a  calandrer  la  feuille  (50)  jusqu'a 
une  epaisseur  uniforme. 

25  25.  Procede  selon  la  revendication  22,  dans  lequel 
la  feuille  (50)  est  formee  par  pre-melange  de  la 
charge  conductrice  et  de  I'agent  dans  la  matri- 
ce  polymere,  et  par  passage  a  travers  des 
paires  multiples  de  cylindres  opposes  tournant 

30  a  des  vitesses  differentes  et  dans  des  direc- 
tions  opposees. 

26.  Procede  selon  la  revendication  25,  qui  consis- 
te,  en  outre,  a  calandrer  la  feuille  (50)  jusqu'a 

35  une  epaisseur  uniforme. 

27.  Procede  selon  la  revendication  24,  dans  lequel 
le  calandrage  consiste  a  faire  passer  la  feuille 
(50)  a  travers  plusieurs  paires  de  cylindres  (44, 

40  45,  46)  de  calandrage  opposes. 

28.  Procede  selon  la  revendication  25,  dans  lequel 
le  calandrage  consiste  a  faire  passer  la  feuille 
(50)  a  travers  plusieurs  paires  de  cylindres  de 

45  calandrage  opposes. 

29.  Procede  selon  la  revendication  23,  dans  lequel 
la  paire  de  cylindres  opposes  tournant  a  des 
vitesses  differentes  et  dans  des  directions  op- 

50  posees  comprend  un  broyeur  (42)  de  caout- 
chouc  a  cylindres. 

30.  Procede  selon  la  revendication  22,  dans  lequel 
la  charge  conductrice  comprend  un  materiau 

55  electrochimiquement  reactif  pouvant  subir  une 
oxydation  ou  une  reduction  pendant  I'utilisation 
du  dispositif. 
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31.  Procede  selon  la  revendication  28,  dans  lequel 
le  materiau  electrochimiquement  reactif  est 
choisi  parmi  I'ensemble  comprenant  Ag,  Zn, 
Cu,  les  halogenures  d'argent,  les  halogenures 
de  cuivre  et  Ag4Fe(CN)G. 

32.  Procede  selon  la  revendication  22,  dans  lequel 
la  charge  conductrice  comprend  un  materiau 
electrochimiquement  inerte. 

35.  Procede  selon  la  revendication  22,  qui  consiste 
a  melanger  jusqu'a  homogeneite  environ  10  a 
50  %  en  volume  d'un  agent  porogene  dans  le 
melange. 

36.  Procede  selon  la  revendication  22,  dans  lequel 
la  matrice  polymere  est  choisie  parmi  I'ensem- 
ble  comprenant  les  polymeres  hydrophiles,  les 
polymeres  hydrophobes  et  leurs  melanges. 

10 
33.  Procede  selon  la  revendication  32,  dans  lequel 

la  charge  conductrice  est  choisie  parmi  I'en- 
semble  comprenant  les  fibres  de  carbone  ou 
de  graphite,  le  carbone  en  poudre,  le  graphite 
et  les  metaux  electrochimiquement  inertes.  is 

34.  Procede  selon  la  revendication  33,  dans  lequel 
le  metal  inerte  est  choisi  parmi  I'ensemble 
comprenant  le  platine,  I'or  et  I'acier  inoxydable. 

20 

25 

30 
37.  Procede  selon  la  revendication  22,  dans  lequel 

la  matrice  polymere  est  constitute  d'un  poly- 
mere  hydrophobe  choisi  parmi  I'ensemble 
comprenant  les  copolymeres  d'ethylene  et 
d'acetate  de  vinyle,  les  polyalkylenes,  les  po-  35 
lyisoprenes,  les  caoutchoucs,  le  polyisobutyle- 
ne,  le  poly(acetate  de  vinyle),  les  polyamides, 
les  polyurethannes,  les  poly(chlorures  de  viny- 
le)  et  les  polymeres  cellulosiques  modifies. 

40 
38.  Procede  selon  la  revendication  22,  dans  lequel 

la  matrice  polymere  comprend  un  copolymere 
d'ethylene  et  d'acetate  de  vinyle. 

39.  Procede  selon  la  revendication  22,  dans  lequel  45 
la  matrice  polymere  est  constitute  d'un  poly- 
mere  hydrophile  choisi  parmi  I'ensemble  com- 
prenant  les  hydrogels,  les  poly(oxydes  d'tthy- 
lene),  les  polymeres  cellulosiques,  les  poly- 
(acides  acryliques)  et  les  polyvinylpyrrolido-  50 
nes. 

40.  Proctdt  selon  la  revendication  22,  dans  lequel 
la  matrice  polymere  comprend  de  la  polyvinyl- 
pyrrolidone.  55 
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